In this paper, dispersion of five types of Ground Motion Intensity Measures (IMs) of 3D incremental dynamic analysis (IDA) of Minarets is investigated. IMs are based on strong motion parameters of sample worldwide earthquakes and classified in terms of Efficiency, Practicality, Proficiency and Sufficiency of building design. Incremental Dynamic Analysis (IDA) curves are used for showing the probability of structural damage due to earthquakes as a function of ground motion intensity measures. The aim of this study is to Figure out which IM will give less dispersion of IDA curves of the R/C Frame Minaret of the Al-Rasheed mosque in Ibb-Yemen designed according to the ACI-318.
Introduction
Minarets are constructed as tower structures near attached to the mosques, which are used by the Muezzin to call out the Adhan (ezan) to summon people to prayer. A minaret is a distinctive architectural structure akin to a tower. Generally a tall spire with a conical or onion-shaped crown, usually either free-standing or taller than associated support structure [1] . In the present day, minarets are no longer used for Adhan due to use of loudspeakers, but they are still built as one of the most distinctive components of the mosques. In the past, a great number of splendid minarets were constructed by using masonry material in various parts of the world. Instead of using only traditional mortar, Turkey are started to use a special and effective technique linking the stone blocks with forged iron connectors [2] . In Yemen, construction of R/C Frame Minarets became popular in last decades that's because it is an easy and economical type.
A proposed intensity measure of the minaret will be sufficient when it has less dispersion of the drift response conditioned on the ground motion intensity measures. If an intensity measure is working well in a single typical structure, it will be sufficient to extend it to other types of structures [3] . Additionally, it is speculated that increasing the efficiency of the IM may also lead to improved design [4] . It may be applicable for low magnitudes rather than high which may or may not contain directivity pulses [5] .
The study will compare dispersion of five well-known IMs as proposed by researchers. [6] proposed the spectral acceleration Sa (T1) as a measure of earthquake intensity. Cordova et al. (2000) proposed one of the IM which calculate by IM=Sa Rsa 0.5 =Sa(T1) 0.5 Sa (2T1) 0.5 . Alternately, Spectral Displacement Sd (T1) can be adopted [7] . Also, spectral velocity Sv(T1) and PGA will add to comparison, where T1 is the fundamental period of structures. The decision about the optimal intensity measures is generally driven by the criteria of Efficiency, Practicality, Proficiency and Sufficiency. This leads to the evaluation of Intensity Measures. Hence, dispersion (variation) of intensities defined in these criteria are analyzed as given in the next section.
The aim of this study is to find out the optimal IM of the Incremental Dynamic Analysis curves for the R/C frame Minaret of Al-Rasheed Mosque of Ibb city, built in 2006 and designed according to the ACI-318 (with adding some modification for Yemeni case).
Model and Ground Motion Record
The model used in this paper is six-storey 3D frame ( Figure 1 ) having a symmetric plan as per FE analysis program SeismoStruct [8] . This was designed essentially for gravity and lateral loads. The reinforcement details (Table 1 ) are added to reproduce the construction practices used in Yemen.
Geometry and Properties Structural Geometry: The geometrical details of the structural elements (columns and beams) are given in the following Tables 1: The Menegotto-Pinto steel model is employed for defining the steel material with the following properties:
Modulus of elasticity (Es) = 2.00E+008 kPa, Yield strength (fy) = 300000 kPa, Strain hardening parameter (μ) = 0.005.
Ground Motions Previous studies [6] and [9] showed that for mid-rise buildings, ten to twenty records are usually enough to provide sufficient accuracy in the estimation of seismic demands . Consequently, ten ground motions, famous Ground Motions, are used in this study to take the random nature of earthquakes into consideration. These ground motions are listed in Table 2 .
In the Figure2, the Acceleration Response Spectra and Mean of the ground motions have been plotted by using the SeismoSpect 2016 program [11] . 
Intensity Measures (IMs)
In this paper five Intensity Measures (IMs) are used to compare dispersion which is used in the trust previous studies and are dressed the main sets of IM (IM base on peak and IM base on duration). When the IM gives minimum dispersion, it will be the optimum IM for R/C Frame Minaret. The decision of the optimal intensity measure is generally driven by the concepts of efficiency and Efficiency is a measure of the dispersion from the median of the results of Incremental Dynamic Analysis: it is inversely proportional to the dispersion, so that lower is the dispersion greater is the efficiency. In this study the dispersion is measured by means of ln ( )| (see Eq. 1) so that lower values of ln ( )| head a more efficient intensity measure [10] .
Where EDPi is the ith response calculated for a given intensity measure, ̂ is the value from the regression line, a is the regression coefficients and n is the total number of observations (n=20 in this case). They identified the practically which correlate structural response and seismic hazard, as a coefficient of the regression parameter "b" in Eq. 2. The higher value of "b" leads to a more practical intensity measure (see Figure 3 ) [10] .
On the other side, the number of running is lower since the efficiency is greater. [10] . 
(d) Sufficiency intensity measure
An intensity measure will be sufficient when it is efficient and practical [10] . It will have slight changes for different structural belongings in the same typology [4] .
Incremental Dynamic Analysis (IDA)
After the model is formed and ground motion records are selected, the SeismoStruct v7 [8] is used to perform the dynamic analysis (incremental dynamic analysis (IDA)). The analysis of the R/C Frame Minaret response covers the entire range of structural response from elasticity to yielding and finally global dynamic instability (Figure4). The results of IDA analyses are typically represented by a scalar Intensity Measure (IM). However, the structural response is measured by an Engineering Demand Parameter (drift ratio). (2)) and ζ is used to measure the proficiency by modified dispersion (see Eq. (3)).
Results and discussion

Different
Results indicate that the "b" value indicating dispersion of efficiency of IMs is maximum (0.75) for PGA IM and lowest (0.29) for Cordova IM (difference of 160%). A small value produces less dispersion of the IDA cavers. The dispersion "b" value for practicality greatest (1.43) for PGA IM, while all others have ~1.0 (Table 3) . This parameter also indicates that the Cardova (IM) gives better results.
As mention before, when Proficiency value (ζ) is small it has a high Proficiency. According to results of the Proficiency; Cordova IM owned smallest value (0.29) (high Proficiency) against other IMs. Hence, the Cordova IM has the best value for proficiency (efficiency and practicality). Also from the regression analysis, Cordova IM has highest value of the Regression coefficient, R-sq (0.956). However, R-sq is a number that indicates to proportion of the variance in the dependent variable (IM).
In short, it can be stated that the Cordova IM index shows the least dispersion and high proficiency of the R/C frame Minaret. So, Cordova IM is an appropriate Intensity Measure for R/C Frame Minaret.
To conclude, the error proficiency of IMs with respect to the Cordova IM (Table 4) are 170, 48,105 and 70% of PGA which, Sa, Sv and Sd, respectively. 
Conclusions
In this paper, several intensity measures (IMs) are used successfully to calculate dispersion of the dynamic response of the R/C Frame Minaret. Incremental Dynamic Analysis curves and Statistical evaluation results revealed that the optimal IM was Cordova IM that produces less dispersion (variability) of IDA curves for R/C Frame Minaret.
It also means that the proficient, sufficient and practicality criteria have demonstrated that Cordova IM gives the least dispersion for IDA curves. Significant work remains to be done before such IM is the best; we need to investigate different high Minarets and more ground motion records.
